Abstract
Introduction

29
The durability of self-compacting concrete SCC structures exposed to aggressive 30 environmental conditions is still a major concern of many concrete investigators [1] [2] [3] .
31
Carbonation, beside chloride attack has been considered as one of the most disruptive 32 phenomena that can affect the concrete durability, potentially causing a significant reduction 33 in service life [4, 5] . Until now, the carbonation of SCC is a somewhat controversial topic.
34
SCC has sometimes a larger and sometimes a smaller carbonation penetration as compared 35 with the Normal Vibrated Concrete (NVC) at the same strength level. Based on previous 36 experimental works, the high amount of CH and CSH found in SCC might reduce the 37 carbonation hazard [6] . However, this might mainly depend on the type of filler and its impact 38 on the composition of the cement paste. Substantial research work [7, 8] has reported that a 39 beneficial outcome of carbonation is in reducing the porosity and improving the 40 microstructure of the cementitious materials.
41
The macro and micro diffusivity properties of the concrete may alter due to the change of the 42 porosity and the pore distribution caused by the carbonation process. Furthermore, 43 carbonation might cause a significant alteration in the concrete properties that are strictly 44 related to the microstructure, such as the capillarity of the pores in addition to the change of 45 the pH of the pore solution. The change in the pore solution has a strong effect on the 46 concentration of the destructive ions such as sulphate and chlorine. However, in aggressive 47 environments, the permeability and diffusivity of the concrete is mainly governed by the 48 capillary pores and their interconnectivity [9, 10] . Another form of carbonation attack 49 comprises the neutralization of the alkalinity (pH value) of the hydrated cement paste. The 50 process consists of the diffusion of the gas through the pores system and then the reaction 51 3 with the hydration products especially CH in the presence of water. Carbonation can cause the 52 pH value of pore water inside the concrete to decrease to about 8.3. This will terminate the 53 passive layer of the embedded steel and permit the corrosion of steel rebar to commence [11, 54 12].
55
According to Stehlik et. al [13] and Matouek and Drochytka (1998) 
62
The third stage consists of recrystallizing the resulted insoluble carbonates to large calcite and 63 aragonite crystals and the fourth stage is referred to as full carbonation (100% carbonation).
64
It is important to highlight that the first stage has a significant impact on the porosity and 65 permeation properties of the concrete because of the crystallization of CaCO 3 in the pores.
66
Yet the overall process may significantly disturb the pH level and might even alter tortuosity, 
132
 Pressurised accelerated carbonation test to study the change of pore structure, the 133 microstructure and chemistry of the matrices after carbonation. 
Pressurized accelerated carbonation test
146
The Pressure Aging Vessel (PAV) which is mainly used to simulate the long term aging of Further, SEM images were acquired to check the capillary pore structure of the matrices using 
Carbonation depth measurement
194
Cylindrical concrete and mortar specimens were prepared for carbonation depth measurement.
195
The specimens had a diameter of 60 cm and a height of 120 cm. After water curing for 28 196 days, the top and bottom ends of the cylinders were sealed using plastic caps to ensure the In contrast to the partially carbonated specimens obtained in the normal pressure container
214
( Fig.1 ), 100% carbonated specimens were obtained from the pressurised accelerated 215 carbonation (Fig.2) . Two types of tests were conducted on these carbonated samples:
216
 Small pieces weighing 1-3 g from the middle part of fully carbonated mortar samples 217 were used for the MIP test in order to detect the change of the internal pore structure 218 compared to that already evaluated before carbonation at 28 days.
219
 SEM images were acquired to check the change of the morphology of the carbonated 220 sample and to detect the change of the chemistry inside the pores using plutonium-221 coated fractured surfaces compared to those before carbonation. The detected amount of CH% due to the dehydration at 420 and 550˚C of the powder samples 226 heating to about 950˚C before the exposure to accelerated carbonation is summarised in Table   227 2 .The results show that the amount of CH% was significantly lower in the SCCs containing The analysis, conservative assumption as concentration is taken as 0.06% thought those 50 years).
281
Therefore, even increased greenhouse gas isn't likely to lead the initiation of steel corrosion 282 over the same time scale. pores (micro and macro pores considering 0.1µ to be the boundary between these pore classes) 298 before and after carbonation and the CPD are presented in Table 4 .
299
From Table 4 , the results of LP-SCC indicated that the carbonation promoted the micro pores 300 to about 18 % from the original micro pores before carbonation. In addition, the critical pore 301 diameter (CPD) reduced from 0.06 micron to 0.027 micron .The corresponding development 302 of the micro pores was about 3.1 % for the FA-SCC while it showed a small decrease in the 303 CPD from 0.038 micron to 0.027 micron as compared with the LP-SCC.
304
On the other hand, the percentage of the micro pores in FA-SF-SCC shifted from 71 % to 305 79.5%. However, the most surprising result was the slight increase of the CPD for this type cement paste is sufficiently high to prevent a constant CO 2 penetration, the probability of the 315 reaction between CO 2 and CSH might increase. On the other hand, for blended pastes with 316 low resistance to the CO 2 access, they pointed out that carbonation of CSH having a low Ca/Si 317 ratio might not cause a considerable change in the capillary pores structure. Ettringite occurred in the capillary pore structure in two forms after carbonation as shown in
329
Figs. 11 and 12. Monosulfate needles, which are not an expansive form, were found in both
330
LP-and FA-SCC cement pastes after carbonation. However, this compound was much more 331 prominent in the pores of the LP -SCC rather than in those of the FA-SCC.
332
The transformation of the monosulfate into the hexagonal Ettringite shape is associated with 333 approximately 2.3 times increase in the volume [29] . This form of Ettringite (hexagonal shape)
334
was found in the pores of the FA-SF-SCC (Fig.12) . The presence of the first form could lead to an increase in the proportion of micro pores in the LP-SCC and FA-SCC matrices and a 336 decrease in the CPD as well.
337
The occurrence of the second form of the Ettringite in the FA-SF-SCC might have caused a 338 kind of microscopic damage to the pore structure due to the expansion pressure caused by the 339 volume increase as this form of Ettringite developed. This might, thus, be responsible for a 340 substantial change of the pores in the range of 0.1-100 µ (See Fig. 9) 
